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Purpose: The arterial pulsatility index (PI) is measured by
transcranial Doppler ultrasonography (TCD) and is postulated
to reflect the vascular resistance distal to the artery being
examined. An increased PI of the intracranial artery is often
reported with diabetes mellitus (DM), old age, hypertension,
intracranial hypertension, vascular dementia, and small artery
disease. Microvascular complication of DM, which may con-
tribute to cerebral infarction, involves the small perforating
artery and may influence the PI of the proximal artery. Materials
and Methods: We performed a TCD examination in patients
with type 2 DM with acute lacunar infarction (DML, n = 35),
type 2 DM without cerebral infarction (DMO, n = 69), and in
control cases with no DM or cerebral infarction (control group,
n = 41). We then compared the TCD findings among these
groups. Results: The PI was significantly higher in the DML
and DMO groups than in the control group (1.05, 0.93, 0.73.
respectively, for the right middle cerebral artery; 1.04, 0.90,
0.73, respectively, for the left middle cerebral artery; 0.97,
0.89, 0.70, respectively, for the basilar artery). The PI was also
significantly higher in the DML group than in the DMO group
for both middle cerebral arteries. The flow velocity was com-
parable among the three groups. Conclusion: The elevated PI
of the intracranial arteries may reflect diabetic cerebral micro-
vascular complications. The PI measurement using TCD may
be a useful predictor of lacunar infarction in type 2 DM patients.
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INTRODUCTION
Diabetes mellitus (DM) is known as one of the
major risk factors for ischemic stroke, with a
relative risk for ischemic stroke of 2.5 in males
and 3.6 in females.
1 In addition, DM or hypergly-
cemic patients have a worse prognosis and an
increased mortality after stroke.
2,3 DM is reported
to be associated with an increased risk of stroke
subtypes, especially large artery disease and small
vessel disease.
4-6 Cerebral macroangiopathy in DM
may be related to large artery disease and can be
assessed by methods such as carotid ultrasono-
graphy, cerebral angiography, MR angiography,
and CT angiography. Carotid intima-media thickness
as measured by B-mode carotid ultrasonography
is known to be associated with the risk of
coronary artery disease and stroke.
7,8 In ischemic
stroke, increased carotid intima-media thickness is
more related to non-lacunar infarction than to
lacunar infarction.
9 Therefore, carotid intima-
media thickness may be a useful marker for
diabetic cerebral macroangiopathy.
10 In contrast to
macroangiopathy, diabetic cerebral microan-
giopathy, which may contribute to the develop-
ment of lacunar infarction involving the small
perforating artery, has no specific diagnostic tool.
Transcranial Doppler ultrasonography (TCD) is a
noninvasive and easily applicable method for
detecting an intracranial arterial abnormality,
especially a steno-occlusive lesion. The pulsatility
index (PI), which is calculated from the measured
flow velocity by TCD, has been reported to increase
with DM, old age, hypertension, intracranial
hypertension, vascular dementia, and small artery
disease.
11-15 The PI is postulated to reflect the
vascular resistance distal to the examined artery.
Therefore, the pathologies of small intracranial
perforating arteries may affect the PI of the
proximal artery. The increment of PI in
Lacunar Infarction in Type 2 Diabetes Is Associated with an
Elevated Intracranial Arterial Pulsatility Index
Kee-Oog Lee,
1 Kyung-Yul Lee,
1 Seung-Yeob Lee,
1 Chul-Woo Ahn,
2 and Jong Sook Park
2
Departments of
1Neurology and
2Internal Medicine, Yonsei University College of Medicine, Seoul, Korea.
Received January 11, 2007
Accepted April 18, 2007
Reprint address: requests to Dr. Kyung-Yul Lee, Department of
Neurology, Yongdong Severance Hospital, Yonsei University
College of Medicine, 146-92 Dogok-dong, Gangnam-gu, Seoul
135-720, Korea. Tel: 82-2-2019-3325, Fax: 82-2-3462-5904, E-mail:
kylee@yuhs.acLacunar Infarction in DM
Yonsei Med J Vol. 48, No. 5, 2007
normotensive DM patients without cerebral
infarction has previously been reported.
14 This
increment is especially pronounced if it is combined
with a microvascular complication such as
retinopathy, neuropathy, or nephropathy.
14,16
While there have been reports comparing the PI
increment in ischemic stroke patients with and
without DM, there have been none on the
influence of cerebral infarction on the PI in DM
patients.
17,18 In this study we evaluated the
differences in the PI between DM patients with
and without lacunar infarction to determine if PI
can be used as a risk predictor for developing
lacunar infarction in DM patients.
MATERIALS AND METHODS
We retrospectively reviewed the stroke
database to find acute cerebral infarction patients
who were admitted within a week after the onset
of symptoms. From March 2003 to December 2004,
we gathered a group of DM patients with lacunar
infarction (DML) according to our criteria. During
that period, a group of DM patients without a
history of cerebral infarction (DMO) and a control
group of patients with no history of DM or
cerebral infarction were referred from the diabetes
clinic in our hospital for TCD, and these patients
were enrolled in this study. The diagnosis of DM
was made when the fasting glucose level was
more than 7.0 mmol/L (126 mg/dL) or if the
patient had taken oral hypoglycemic agents or
insulin to control blood glucose levels. The DML
group was selected according to the following
criteria: 1) a brain MRI, TCD and MR angiography
or digital subtraction angiography study had been
performed, 2) an infarction size less than 2 cm as
measured by diffusion-weighted MRI involving
the perforating arterial territory, 3) no significant
arterial stenosis or occlusion on MR angiography
or digital subtraction angiography, 4) no defined
cardioembolic source, and 5) diagnosis of DM.
All TCD examinations were performed by one
neurologist using the Companion Micro (EME,
Germany). The intracranial and extracranial
arteries were examined using a 2 MHz probe. Of
the examined arteries, we analyzed the data from
the middle cerebral artery (MCA) at a depth of
56- 64 mm and from the basilar artery (BA) at a
depth of 78 - 86 mm. The data with the highest
mean flow velocity were selected from several
measurements in this depth range. The PI value
is automatically calculated with the equation, PI =
(systolic flow velocity- diastolic flow velocity) /
mean flow velocity. As we did not perform an
imaging study such as MR angiography or digital
subtraction angiography in the DMO or control
group, we excluded patients with a high mean
flow velocity, which is suggestive of significant
arterial stenosis (> 100 cm/s for MCA; > 70 cm/s
for BA).
19,20
Clinical and laboratory data were obtained from
a review of the stroke registry and the hospital's
medical records. For the DMO and control group,
diabetic microvascular complications such as
retinopathy, nephropathy, and peripheral neu-
ropathy were evaluated as part of a baseline
check-up program at the Diabetes clinic. In the
DML group, microvascular complications were
evaluated by reviewing the past clinical history
and laboratory tests at the time of admission.
All statistical tests were done with SPSS 14.0
software. We compared the demographic, clinical,
and biochemical variables among the three groups
using the Chi-square test, t-test, and ANOVA test.
Differences in TCD variables were tested using
the ANOVA test and when differences were
significant, we performed a Bonferroni post-hoc
test. The correlations between PIs of the different
arteries were tested using a Pearson correlation
test. A p value of < 0.05 was considered significant.
RESULTS
A total of 145 subjects (35 DML, 69 DMO and
41 controls) were analyzed. In the DML group, the
number of patients with pure motor, pure sensory,
sensorimotor, ataxic hemiparesis, dysarthria-
clumsy hand, and atypical lacunar syndrome were
17, 3, 9, 3, 2, and 1, respectively. There were no
differences in demographic, clinical, or biochemi-
cal variables among the three groups, except for
in the proportion of patients with hypertension
and in fasting glucose levels (Table 1). The DML
and DMO groups had more hypertension and a
higher fasting glucose level than did the controlKee-Oog Lee, et al.
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group, but there were no differences between the
DML and DMO groups. A TCD examination
showed a poor temporal window in 28 patients
(right in 9, left in 5, both in 14), in whom we could
not detect the MCA flow. Meanwhile the BA flow
was detected in all the subjects. Both the MCA
and BA mean arterial blood flow velocities were
comparable among the three groups, but the PI
was significantly different among the three groups
(Table 2). The DML and DMO groups showed a
significantly higher PI than the control group
(1.05, 0.93, 0.73, respectively, for right MCA; 1.04,
0.90, 0.73, respectively, for left MCA; 0.97, 0.89,
0.70, respectively, for BA). When we compared the
Table 2. Mean Flow Velocity and Pulsatility Index Measurements in Three Groups
DML DMO Control p value
Right MCA
Vm (cm/s)
PI
Left MCA
Vm (cm/s)
PI
Basilar artery
Vm (cm/s)
PI
59.9 ± 17.2
1.05 ± 0.19*,
62.6 ± 18.4
1.04 ± 0.21*,
40.8 ± 11.8
0.97 ± 0.16*
59.6 ± 16.8
0.93 ± 0.18*
62.4 ± 13.8
0.90 ± 0.15*
43.2 ± 12.3
0.89 ± 0.20*
56.0 ± 10.4
0.73 ± 0.10
58.4 ± 9.8
0.73 ± 0.10
40.8 ± 9.3
0.70 ± 0.14
NS
< 0.001
NS
< 0.001
NS
< 0.001
DML, DM patients with acute lacunar infarction; DMO, DM patients without cerebral infarction; MCA, middle cerebral artery;
NS, non significant; PI, pulsatility index; Vm, mean flow velocity.
*p < 0.001 compared to control group.
p < 0.05 compared to DMO group; values are mean ± SD.
Table 1. Demographic, Clinical, and Biochemical Profiles of the Three Groups
DML DMO Control p value
Patients (n)
Age (yrs)
Gender (M/F)
Weight (kg)
Height (m)
BMI
Hypertension (%)
Smoking (%)
Duration of DM (yrs)
Diabetic complication (%)
Fasting glucose (mmol/L)
Cholesterol (mmol/L)
Triglyceride (mmol/L)
Hematocrit (%)
35
63 ± 8
27/8
65.2 ± 7.2
1.66 ± 0.08
23.6 ± 1.9
68.6
48.6
11 ± 9
42.9
8.8 ± 3.0
4.76 ± 0.81
1.78 ± 0.84
41.1 ± 4.0
69
62 ± 7
47/22
66.6 ± 7.6
1.64 ± 0.08
24.4 ± 4.1
58.0
43.5
10 ± 7
46.4
8.5 ± 2.7
4.94 ± 1.04
1.88 ± 1.04
39.6 ± 3.9
41
60 ± 8
27/14
65.3 ± 8.9
1.65 ± 0.07
24.2 ± 2.6
39.0
30.8
5.5 ± 0.6
5.2 ± 1.0
1.87 ± 1.0
41.5 ± 4.0
NS
NS
NS
NS
NS
0.029
NS
NS
NS
< 0.001
NS
NS
NS
BMI, body mass index; DML, DM patients with acute lacunar infarction; DMO, DM patients without cerebral infarction; NS,
non significant.
Diabetic complication includes retinopathy, nephropathy and peripheral neuropathy.
Values are mean ± SD or literal value.Lacunar Infarction in DM
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DML and DMO groups with the Bonferroni post-
hoc test, the PI of both MCAs was significantly
elevated in the DML group. The PI of the BA was
also elevated in the DML group in comparison to
the DMO group, but the difference was not
significant (p = 0.095). When we tested the correla-
tions among the PIs of these three arteries, we
found a significant correlation; the correlation
coefficient was 0.789 between the right MCA and
BA, 0.805 between the left MCA and BA, and
0.914 between the right and left MCA.
DISCUSSION
An increase in the PI of the intracranial artery
has been reported for several diseases and
conditions. In this study we confirmed that DM
is associated with an elevated PI and that the pres-
ence of lacunar infarction in type 2 DM patients
is associated with a greater PI. There were no
differences between the DML and DMO groups
for any other variables that could influence PI,
such as the duration of DM, presence of hyperten-
sion, associated microvascular complications, or
age. Therefore, lacunar infarction is the only factor
elevating the PI in this study.
In subgroup analysis, the PI of DM patients
with microvascular complications was elevated
compared with that of patients without micro-
vascular complications in both the DML and
DMO groups, but the difference was not signifi-
cant. This finding differs from a previous report
that shows that DM patients with microvascular
complications have higher PIs than those without
complications.
14 We postulate that the higher age
and longer mean duration of DM within the
complication group of the previous study made
the PI difference between the two groups larger
than that of this study. We also think that if we
gathered more DM patients in this study, the PI
might show a significant difference with respect
to combined microvascular complications.
Hypertension is reported to increase the PI of
the intracranial artery.
12,21 In this study, the high
prevalence of hypertension in the DM groups can
exaggerate the PI differences between the DM
groups and control. However, there were no
statistically significant differences in PI associated
with the presence of combined hypertension in
each subgroup, although there was a trend of a
higher PI when the patient had hypertension. In
addition, there were no significant differences in
the proportion with combined hypertension
between the DML (69% in right MCA tested, 72%
in left MCA tested) and DMO (60% in right MCA
tested, 55% in left MCA tested) groups. Therefore,
we can exclude the possibility that the PI in-
creased because of hypertension in this study,
especially in the DM group.
TCD examination is reported to be unsuccessful
due to the poor temporal window in a substantial
portion of subjects, especially in Asians and
Africans.
22-24 The high correlation between the PI
of the MCA and BA in this study suggests that
DM causes diffuse vascular changes in the entire
intracranial arterial system. It also suggests that
the PI of the BA can be used as an indicator of
cerebral microangiopathy in cases with an unob-
tainable MCA flow by TCD examination due to a
poor temporal window.
This study had several limitations. We did not
perform an imaging study to exclude the pos-
sibility of significant arterial stenosis in the DMO
and control groups. Instead we used mean flow
velocity criteria to detect significant stenosis. The
sensitivity and specificity of TCD velocity criteria
for significant stenosis are not so high in the
vertebrobasilar system that there is a chance of
sampling error in this study.
20 Another limitation
is the TCD examination time after onset of stroke
in the DML group. Although we assumed that
there is less hemodynamic change in lacunar in-
farction than in large artery disease, we cannot
exclude the possibility of PI variation during the
acute stage of cerebral infarction due to intracra-
nial hemodynamic instability.
25,26 However, since
we performed most of the TCD examinations after
stabilization of neurologic symptoms, usually at
end of the first week after the onset of stroke, we
could minimize the effect of hemodynamic
instability during the acute stage.
In conclusion, the PI of the intracranial arteries
is increased in DM patients, especially in DM
patients with lacunar infarction. Development of
lacunar infarction suggests that advanced diabetic
microvascular changes occurred in the small
arteries of the brain, and these microvascularKee-Oog Lee, et al.
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changes are reflected in the intracranial PI as
measured by TCD. Further study using long term
serial follow-up TCD may clarify the temporal
changes in the PI of DM patients and verify the
clinical usefulness of PI as a surrogate marker for
developing lacunar infarction in DM patients.
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